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A Late Pleistocene dinoflagellate microflora has been recovered from the water

bore WRC39275 near Bulahdelah, N.S.W. Species present include Protoperidinium {Pro-

toperidinium sect. Quinquecuspis) leonis {Y'a.viWa.vd), Tuberculodinium vancampoae (KossignoV),

Polysphaeridium zoharyi (Rossignol), Spiniferites mirabilis (Rossignol), Spiniferites ramosus

(Ehrenberg) and Spiniferites sp. cf. ramuliferus (Deflandre). This assemblage suggests a

warm, nearshore, marine depositional environment.
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Introduction

A Late Pleistocene sequence was intersected in the water bore WRC39275, which

is located approximately 10km southeast of Bulahdelah, N.S.W. (Fig. 1). This sequence

consists of 42m of interbedded gravels, sands and clays which can be divided into three

depositional units (Fig. 2). Below 18.8m the sequence consists of fluvial lithic sands,

clays and gravels, between 18.8m and 11.5m it consists of estuarine/shallow marine clay

culminating in fine- to medium-grained quartz sand, and above 11.5m it is composed
solely of fine- to medium-grained quartz sand of the Pleistocene Inner Barrier system

(Pickett, 1983; Drury, 1982). By an analogy with nearby deposits of known age Pickett

(1983) assumed the sequence to be associated with the Last Interglacial and therefore to

be approximately 120,000 years old.

Four samples were investigated: from 9-llm, 14. 2-18. 8m, 28. 0-38. 8m and 40.5-

40.8m. The lower three samples yielded microfloras but only one, from 14. 2-18. 8m,
yielded a dinoflagellate cyst assemblage. This latter interval also contained foramini-

feral and molluscan assemblages (Pickett, 1983). The spore-pollen component of the

palynomorph assemblages is dominated by Casuarina (11.0-25.4%), Myrtaceae (37.5-

43.0%) and Cyathea (10.0-29.0%); dinoflagellates comprise less than 0.5% of the upper-

most assemblage and were not recovered from the underlying samples.

The samples were prepared according to standard palynological procedures,

although they were not oxidized as even mild oxidation has been observed to destroy

some cyst types (Dale, 1976). Palynological preparations are located in the palynological

collection of the Geological Survey of N.S.W.

Dinoflagellates

Fossil dinoflagellate cysts have been used extensively both to determine the age and

to provide information on the depositional environments of Mesozoic and Tertiary

marine sequences. Until relatively recently, however, the study of Quaternary dino-

flagellate cysts has been neglected and even now is virtually restricted to the northern

hemisphere. Pleistocene dinoflagellate cyst assemblages have previously been described

from Great Britain (Harland and Downie, 1969; Harland, 1977; Wall and Dale, 1968;

West, 1961), the North Atlantic Ocean (Harland, 1979; 1984a; 1984b), the Caribbean
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Fig. 1. Location of the bore WRC39275 (Map reference: Newcastle 1:250 000 sheet, G.R. 5279 9865).

Sea (Wall, 1967), the North Sea (Harland et al, 1978), the Black Sea (Wall et al., 1973;

Wall and Dale, 1973; 1974), Japan (Matsouka, 1976a; 1976b), Matsouka and Nishida,

1973), NewZealand (Wilson, 1973) and from Israel (Rossignol, 1962; 1964). There is no

published account of Australian Pleistocene marine dino flagellate cysts.

Six species, however, were recorded from Bulahdelah; these are:

Protoperidinium [Protoperidinium sect. Quinquecuspis) leonis (Pavillard) Balech 1974; Figs

3A-F.

Tuberculodinium vancampoae (Rossignol) Wall 1967; Figs 3J-K,M-N.
Spiniferites mirabilis (Rossignol) Sarjeant 1970; not illustrated.

Spinifentes ramosus (Ehrenberg) Mantel! 1854; Figs 3H,I,L.

Spiniferites sp. cf. ramuliferus (Deflandre) Reid 1974; not illustrated.

Polysphaeridium zoharyi (Rossignol) Bujak et al. 1980; Fig. 3G.

The relative abundance of each species in the dinoflagellate assemblage is shown in

Fig. 2. Absolute dinoflagellate abundance is low, being less than two cysts per gram of

sediment. This compares with abundances of up to 14,000 cysts per gram in Pleistocene

assemblages from Great Britain (Harland and Downie, 1969). The total number of

dinoflagellate cysts observed was 54.
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Fig. 2. Stratigraphic column, sample positions and dinoflagellate cyst abundance in the bore WRC39275.

Recent Distribution of Recorded Dinoflagellate Cysts

Cysts o{ Protoperidinium {Protoperidinium sect. Quinquecuspis) leonis have been recorded

from coastal areas around Great Britain, from the Caribbean and from off the coast of

West Africa (Harland, 1983), and from Japan (Matsouka, 1976a). Harland (1983) sug-

gested that this species has a tropical to temperate distribution in inner and outer neritic

environments. The thecate form of this species has been recorded extensively around
Australia (Wood, 1954).

Cysts of Tuberculodinium vancampoae have been recorded from the southern coast of

eastern U.S.A., Bermuda, Bahamas, Puerto Rico, Peru and the Mediterranean Sea

(Wall et al, 1977), from the Persian Gulf and Red Sea (Bradford, 1973; 1975; Wall and

Warren, 1969), Israel and the eastern Mediterranean Sea (Rossignol, 1962; 1964),

Japan (Matsouka, 1976b; 1981; Harada and Matsouka, 1974; Shimakura et al, 1971).

Wall et al. (1977) noted that the maximum concentration of this species was in estuarine

environments. Harland (1983) also observed that T. vancampoae was more common in

tropical to subtropical areas. The highest latitude at which this cyst has been recorded is

approximately 40 degrees north, in Japan. In the Australasian region the thecate form

of this species {Pyrophacus vancampoae (Rossignol), Wall and Dale, 1971) is common in the

Coral Sea and other northern seas but also extends south along the N.S.W. coastline at

least as far as Sydney Harbour (new data) and Port Hacking (C. Hallegraeff, C.S.I.R.O.

Marine Laboratory p^rj-. comm.).

Polysphaeridium zoharyi has been recorded from Bermuda, Puerto Rico, southern

coast of eastern U.S.A. and the Mediterranean Sea (Wall et al., 1977), Israel and the
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eastern Mediterranean Sea (Rossignol, 1964; Rossignol and Pastouret, 1971), Persian

Gulf and Red Sea (Bradford, 1973; 1975; Wall and Warren, 1969), the Black Sea

(Roman, 1969) and Japan (Harada and Matsouka, 1974). Harland (1983) suggested

that most of the reported northern European occurrences are probably misidentifica-

tions and that Polysphaeridium zoharyi is apparently restricted to tropical and subtropical

areas. It is also apparently more abundant in estuarine and nearshore environments. In

the Australasian region the thecate form of this species {Pyrodinium bahamense Plate 1906)

has not been recorded south of NewGuinea (C. Hallegraeff/'^ri'. comm.).

Cysts oi Spinifentes mirabilis, Spinifentes ramosus and Spiniferites sp. cf. ramuliferus each

have a cosmopolitan distribution. The thecate form oi Spiniferites mirabilis and Spiniferites

ramosus (i.e. Gonyaulax spinifera (Claparede and Lachmann), Diesling, 1866; Wall and
Dale, 1970) is also widely distributed in the Australian region (Wood, 1954); the thecate

form oi Spiniferites sp. cf. ramuliferus is not known.

Discussion

The composition of the Bulahdelah assemblage bears little resemblance to any pre-

viously described assemblage. Wall et al. (1977) described 168 dinoflagellate cyst assem-

blages from a wide variety of modern marine and estuarine environments but they

recorded a maximum abundance of Tiiberculodinium vancampoae, the dominant species at

Bulahdelah (66% of the assemblage), of only 11%. The unusual composition of the

Bulahdelah assemblage, therefore, creates difficulties in postulating possible depo-

sitional environments. The geographically closest described Pleistocene assemblages

are from the middle Pleistocene Te Piki bed, NewZealand (Wilson, 1973). These assem-

blages are all dominated by Bitectatodinium tepikiense Wilson 1973, a species usually

associated with temperate and cold temperate environments and not recorded from

Bulahdelah. The abundance of this species in modern environments (maximum 11%

(Wall et al., 1977) ) does not approach that reported in the Pleistocene of New Zealand

(43% to 100%). At this stage no explanation can be given for the dominance of these two

species which are usually only minor elements of an assemblage.

The absence of detailed Recent cyst distribution data for the Australian region pre-

vents a comparison of the Pleistocene Bulahdelah assemblage with modern cyst assem-

blages from known depositional and climatic environments; interpretations based on

cyst assemblages from the northern hemisphere will of necessity rely on extrapolations.

However, when those data are combined with data on the present distribution of thecate

dinoflagellates in the Australasian region (Wood, 1954) it can be inferred that the

Bulahdelah assemblage was deposited in a subtropical estuarine/shaUow marine en-

vironment. This conclusion is consistent with results determined from foraminiferal

and molluscan faunas (Pickett, 1983).

Acknowledgements

I would like to thank the Secretary of the N.S.W. Department of Mineral Resources

for permission to publish this manuscript.

References

BaLECH, E., 1974. —El genero 'Protoperidinium' Bcrgh, 1881 ('Peridinium' Ehrenhcrg, 1831, partim.). Revistade

Museo Argentina de Ciencias nalurales 'Bernardino Rivadavia' Instilulo nacionale de Invesligaciones de Ciencias

naluraki Id): 1-79.

Fig. 3. A,B Proloperidinium (Protoperidinium sect. Quinquecuspis) leonis MMMC01771; C,F Protoperidinium

{Protoperidinium sect. Quinquecuspn) leonis MMMC01772; D,E Protoperidinium (Protoperidinium sect. Quin-

quecuspis) leonis MMMC01773; G Polysphaeridium zoharyi MMMC01774; H,I,L Spiniferites ramosus MMMC
01775; J,K Tuberculodinium vancampoae MMMC01776; M,N Tuberculodinium vancampoae MMMC0\111

.

PROC. LINN. SOC. N.S.VV., 109(3), (1986) 1987



ANDREWMcMINN 179

/

i*f.

V.^ J ^ •^

•w
^^F,

f

1 «w

B

•^ ..>v.

F^

v^^

m^^^

-r<$0;

,fWW"

^^^

i^.
M N

PROC. LINN. SOC. N.S.W., 109 (3), (1986) 1987



180 LATE PLEISTOCENEDINOFLAGELLATECYSTS

Bradford, M. R., 1973. —Quaternary palynomorph distribution in the Persian Gulf and Arabian Sea. A
pTe\imm3Lry report Abstracts IX INQUA Congress, NewZealand: 4-41.

, 1975. —Newdinoflagellate cyst genera from the Recent sediments of the Persian Gulf. Canadian Journal

of Botany, 53: 3064-3074.

BujAK,J. p., DowNiE, C, Eaton, G. L., and Williams, G. L., 1980. —Dinoflagellate cysts and acritarchs

from the Eocene of southern England. Palaeontology, Special Papers 24: 1-100.

Dale, B., 1976. —Cyst formation, sedimentation, and preservation factors affecting dinoflagellate assem-

blages in Recent sediments from Trondheimsfjord, Norway. Revue Palaeobotany Palynology 22: 39-60.

DiESLING, K. M., 1866. —Revision derProthelminthen. Abtheilung: Mastigophoren. Konigliche Akademie der

Wissenschaften, Wien, Mathematisch-naturwissenschaftliche Classe, Sitzungsberichte 52: 287-401.

Drury, L. W., 1982. - Myall Valley Groundwater Investigation - Bulahdelah TWS, Bore No. 39275. New
South Wales Water Resources Commission-Bore Log (unpublished).

H.AR.AD.A, K., and Matsouka, K., 1974. —Dinoflagellata and Acritarchia; Introduction to fossil dinoflagel-

lates and acritarchs. NOM(News of the Osaka Micropalaeontologist) Special Papers 1: 1-60.

HarlaND, R., 1977. —Recent and late Quaternary (Flandrian and Devensian) dinoflagellate cysts from the

marine continental shelf sediments around the British Isles. Palaeontographica Aht. B. 164: 87-126.

, 1979. —Dinoflagellate biostratigraphy of Neogene and Quaternary sediments at holes 400/400A in

the Bay of Biscay (Deep Sea Drilling Project Leg 48). Initial Reports Deep Sea Drilling Project XLVIII:

531-546.

, 1981. —Cysts of the colonial dinoflagellate Polykrikos schwartzii Butschli 1873, (Gymnodiales), from

Recent sediments. Firth of Forth, Scotland. Palynology 5: 65-79.

, 1982a. —A review of Recent and Quaternary organic-walled dinoflagellate cysts of the genus Pro-

toperidinium. Palaeontology 25: 369-397.

, 1982b. —Recent dinoflagellate cyst assemblages from the southern Barents Sea. Palynology 6: 9-18.

, 1983. —Distribution maps of Recent dinoflagellate cysts in bottom sediments from the North Atlantic

Ocean and adjacent seas. Palaeontology 26: 321-387.

. 1984a. —Quaternary dinoflagellate cysts from holes 548 and 549A, Goban Spur (Deep Sea Drilling

Project Leg 80). Initial Reports Deep Sea Drilling Project 'LXXX: 761-766.

, 1984b. —Quaternary dinoflagellate cysts from hole 552 A, Rockall Plateau, Deep Sea Drilling Project

Leg 81. Initial Reports Deep Sea Drilling Project LXXXI: 541-546.

, and DOWN'IE, C, 1969. —The dinoflagellates of the interglacial deposits at Kirmington, Lincolnshire.

Proceedings Yorkshire Geological Society 31: 231-237.

, Gregory, D M., Hughes, M. J., and Wilkinson, I. P., 1978. — A late Quaternary bio- and

climatostratigraphy for marine sediments in the north-central part of the North Sea. Boreas 7: 91-96.

, Reid, p. C, Dobell, p., and NorrIS, G., 1980. —Recent and sub-Recent dinoflagellate cysts from

the Beaufort Sea, Canadian Arctic. Grana 19: 211-225.

MaNTELL, G. a., 1854. —The Medals of Creation: or First Lessons in Geology and the study of Organic Remains. 2nd

ed., 2 vols. London: Bohn.

M.->lTSOUKA, K., 1976a. —Paleoenvironmental study of the Saho and Saidaiji Formations from a view point

of palynology. Bulletin Mizunami Fossil Museum3: 99-117.

, 1976b. —Recent thecate and fossilized dinoflagellates off Hachinohe coast, northeasternjapan. Publi-

cations Seto Marine Biological Laboratory 'iiyHW, 3/5: 351-369.

, 1981. —Dinoflagellate cysts and pollen in pelagic sediments of the northern part of the Philippine Sea.

Bulletin Faculty of Liberal Arts, Nagasaki University Natural Science 21 (2): 59-70.

, and NiSHlDA, S., 1973. —Fossil microplankton in the bottom sediments around the Tosabae and Kii

Channel, offShikoku. Geological Society of Japan, Abstracts of Annual Meeting, Sendai: 115.

Pickett, J. W., 1983. — Geological implications of Pleistocene invertebrates from the water bore WRC
39275, near Bulahdelah. NewSouth Wales Geological Survey, Quarterly Notes 52: 8-15.

Pl.ate, L., 1906. — Pyrodinium bahamense n.g., n.sp. die Leucht-Peridinee des Teuersees' von Nassau,

Bahamas. Archiv filr Protistenkunde 1: 411-428.

Reid, P. C, 1974. —Gonyaulacacean dinoflagellate cysts from the British Isles. Nova Hedwigia 25: 579-630.

Ro.MAN, S., 1974. —Palynoplanktologic analysis of some Black Sea cores. In Degens, E. T. and Ross, D. A.,

(eds) The Black Sea —Geology, chemistry and biology. American Association Petroleum Geologists, Memoir

20: 396-410.

RossiGNOL, M., 1962. —Analyse pollinique de sediments marins Quaternaires en Israel. II, Sediments

Pleistocene. Fbllen Spores i: 121-148.

, 1964. —Hystrichospheresdu Quaternaire en Mediterraneeorientale dans les sediments Pleistocene et

les boues marins actuelles. Revue de Micropaleontologie 1: 83-99.

, and Pastouret, L., 1971. —Analyse pollinique de niveaux sapropeliques post glaciares dans une

carotteen Mediterraneeorientale. Review Palaeobotany Palynology 11: 227-238.

SarjeaNT, W. a. S., 1970. - The genus -S>!V!z>n7«Mantell 1850 (Dinophyccac), Grana 10: 74-78.

PROC. LINN. SOC. N.S.W., 109(3), (1986) 1987



ANDREWMcMINN 181

Shimakura, M., Nishida, S., and Matsouka, K,, 1971. —Some plant microfossils from the Yamoto-tai,

Sea of Japan. Bulletin Nara University of Education 20: 63-70.

Wall, D., 1967. —Fossil microplankton in deep-sea cores from the Caribbean Sea. Palaeontology 10: 95-123.

and Dale, B., 1968b. —Early Pleistocene dinoflagellates from the Royal Society borehole at Ludham,
Norfolk. NewPhytologist 67: 315-326.

and , 1970. — Living hystrichosphaerid dinoflagellate spores from Bermuda and Puerto Rico.

Micropaleontology 16: 47-58.

and , 1971. —A reconsideration of living and fossil Pyrop/zacK.s Stein, 1883 (Dinophyceae). yourrza/

ofPhycology{\].?>.A.) 17: 221-235.

and , 1973. —Paleosalinity relationships of dinoflagellates in the Late Quaternary of the Black

Sea —a summary. Geoscience and Man 7: 95-102.

and , 1974. — Dinoflagellates in late Quaternary deep-water sediments of the Black Sea. In

Degens, E. T, and Ross, D. A., (eds). The Black Sea —geology, chemistry and biology. American

Association of Petroleum Geologists, Memoir 20: 364-380.

, and Harada, K., 1973. —Descriptions of new fossil dinoflagellates from the late Quaternary of

the Black Sea. Micropaleontology 19: 18-31.

, LOHMANN,G. P., and SMITH, W. K., 1977. —The environmental and climatic distribution of

dinoflagellate cysts in modern marine sediments from regions in the north and south Atlantic Oceans

and adjacent seas. Marine Micropaleontology 2: 121-200.

and Warren, J. S., 1969. —Dinoflagellates in Red Sea piston cores. In Degens, E. T, and Ross, D.

A., (eds), Hot brines and recent heavy metal deposits in the Red Sea: 317-328. Berlin: Springer Verlag.

West, R. G., 1961. —Vegetational history of the early Pleistocene of the Royal Society borehole of Ludham,
Norfolk. Royal Society London, Proceedings series B, 155: 437-453.

Wilson, G. J., 1973. —Palynology of the middle Pleistocene Te Piki Bed, Cape Runaway, New Zealand.

NewZealand Journal of Geology and Geophysics 16: 345-354.

Wood, E. J. F., 1954. —Dinoflagellates in the Australian region. Australian Journal of Marine and Freshwater

Research 5: 171-351.

PROC. LINN. SOC. N.S.W., 109 (3), (1986) 1987


